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Background: Cochrane-style systematic reviews increasingly require the
participation of librarians. Guidelines on the appropriate search strategy
to use for systematic reviews have been proposed. However, research
evidence supporting these recommendations is limited.

Objective: This study investigates the effectiveness of various
systematic search methods used to uncover randomized controlled
trials (RCTs) for systematic reviews. Effectiveness is defined as the
proportion of relevant material uncovered for the systematic review
using extended systematic review search methods. The following
extended systematic search methods are evaluated: searching subject-
specific or specialized databases (including trial registries), hand
searching, scanning reference lists, and communicating personally.

Methods: Two systematic review projects were prospectively monitored
regarding the method used to identify items as well as the type of
items retrieved. The proportion of RCTs identified by each systematic
search method was calculated.

Results: The extended systematic search methods uncovered 29.2% of
all items retrieved for the systematic reviews. The search of specialized
databases was the most effective method, followed by scanning of
reference lists, communicating personally, and hand searching.
Although the number of items identified through hand searching was
small, these unique items would otherwise have been missed.

Conclusions: Extended systematic search methods are effective tools for
uncovering material for the systematic review. The quality of the items
uncovered has yet to be assessed and will be key in evaluating the
value of the systematic search methods.

INTRODUCTION

Cochrane-style systematic reviews are a value-added
tool for health care providers, researchers, policy mak-

ers, and consumers. They provide rigorous and com-
prehensive summaries of research evidence on which
appropriate policy or treatment decisions can be based
[1]. Researchers, policy makers, or health care provid-
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ers would have to spend fifty-seven hours a day read-
ing new articles to keep up with the 15,000 new ran-
domized controlled trials (RCTs) published annually
[2]. The British Columbia Office of Health Technology
Assessment (BCOHTA), the British Columbian repre-
sentative of the Cochrane Collaboration, is one of the
growing numbers of organizations involved in prepar-
ing and disseminating systematic reviews. Increasing-
ly, librarians are participating in systematic reviews.
Their expertise is used to formulate comprehensive
search strategies and to uncover unindexed material
for the systematic reviews.

While MEDLINE is considered the premier source
for accessing clinical medical information, it has been
established that searching MEDLINE alone generally
fails to identify all possible studies for inclusion in sys-
tematic reviews [3, 4]. A number of guidelines have
been produced for conducting systematic review
searches that extend beyond MEDLINE [5–10]. Search
protocols based on these guidelines generally require
that researchers and librarians search the subject-spe-
cific and specialized databases (e.g., trial registries),
search the gray literature, hand search key journals,
scan reference lists, identify conference proceedings,
and consult other researchers in the topic area.

While there is some evidence about the effectiveness
of hand searching of published journals and trial reg-
istries, this evidence is mostly based on comparisons
with MEDLINE searches [11–14]. In a pioneering
study, the Register of Controlled Trials in Perinatal
Medicine was used to assess the efficacy of a MED-
LINE search. The authors concluded that a significant
number of studies were missed when searching MED-
LINE alone compared to the trials database [15]. Other
studies discuss the value of trial registries but offer no
empirical evidence as to their relative effectiveness
[16–18].

Better evidence is available on the effectiveness of
personal communication. A survey of obstetricians
identified eighteen additional unpublished RCTs not
in the Oxford Database of Perinatal Trials. Although
the yield was a small percentage of all identified RCTs
(0.008%), the survey was especially useful in identi-
fying ongoing trials [19]. McGrath found that of 133
researchers contacted by letter, twenty-two individuals
(17%) provided additional material; 53% of the con-
tacted individuals did not reply; and 9% of the letters
were returned to sender because of wrong addresses
[20]. Issues such as the cooperation of those perform-
ing the trials, the perceived invalidity of unpublished
trials, the tendency not to mention these trials, and the
mobility of the research community have been dis-
cussed [21, 22].

This study investigates the effectiveness of various
systematic search methods used to uncover additional
RCTs for systematic reviews beyond those identified
by a search of the mainstream databases (i.e., MED-

LINE, Embase/Excerpta Medica). Effectiveness is de-
fined as the proportion of relevant material identified
for the systematic review using extended systematic
search methods. The following extended systematic
search methods are evaluated: searching subject-spe-
cific or specialized databases (including trial regis-
tries), hand searching of published journals, scanning
reference lists, and communicating personally (con-
tacting researchers for relevant material). The gold
standard is the total number of RCTs identified by the
major databases and the extended systematic search
methods combined.

METHODS

To evaluate the effectiveness of the various extended
systematic search methods, two different systematic
reviews of RCTs conducted at the BCOHTA were se-
lected: (1) a systematic review of RCTs of acupuncture
in the treatment of addiction and (2) a systematic re-
view of lipid-lowering drug therapy in the prevention
and treatment of coronary heart disease. Using a pro-
spective research design, the retrieved literature items
were monitored and analyzed.

For each systematic review, major databases were
searched using the OVID platform available through
the University of British Columbia (UBC) library sys-
tem. The time frame for each major database searched
differed based on database availability at UBC. This
study did not attempt to impose further time-frame
limits on any of the major database searches. The ma-
jor databases searched included MEDLINE, Embase/
Excerpta Medica (Embase), HealthStar, and Current
Contents. Additional major databases focusing on
complementary medicine, such as the Complementary
Alternative Medicine (CAM) and the Alternative Med-
icine (AMED) databases, were also searched to im-
prove the search for the acupuncture topic. Details of
the systematic search methods for each systematic re-
view can be found in Tables 1 and 2.

Specialized databases were searched using a com-
bination of key words similar to the terms used in the
major database search. A wide variety of databases
were included in this category such as databases avail-
able free of charge over the Internet, Web catalogs, trial
registries, and commercial databases (e.g., Dissertation
Abstracts).

Key journals were hand searched, including both in-
dexed and unindexed journals, located either through
the local academic health sciences library or through
Uncover Reveal Table of Contents. Hand-searched
journals indexed in MEDLINE or Embase were select-
ed based on the citation frequency from the results of
the major database search. Specialized-subject jour-
nals, not indexed in MEDLINE or Embase, were
sought out and hand searched for relevant material.
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Table 1
Extended search: lipid-lowering drugs

Commercial databases Web library catalogs* Internet peer-reviewed sites Internet search engines

1. Cochrane Library
2. HSTAT (technology assess-

ment guidelines)
3. HSRProj (NLM)
4. Dissertation Abstracts
5. Article 1st (OCLC)
6. Papers lst (OCLC)—confer-

ences and paper abstracts
7. TRIP database (evidence-

based medicine)
8. NTIS Database
9. Computer Retrieval of Infor-

mation on Scientific Projects
(CRISP)

10. HTA Database
11. LILACS databases
12. ClinicalTrials.gov
13. National Research Register

1. UBC Library Catalog
2. BC Ministry of Health Library

Catalog
3. Canadian Institute of Scientific

and Technical Information (CIS-
TI) catalog

4. Belinda Database (Bucking-
hamshire Health Authority Li-
brary)

5. HealthPromis (U.K. Web cata-
log of health promotion)

6. National Health Information
Center—Health Information
Resource Database

7. Combined Health Information
Database (CHID) Online

8. WorldCat
9. GAO Web Catalog

10. COPAC (union catalogs in the
United Kingdom)

11. NLM LOCATORplus

1. U.K. Academic Web Directory
2. U.K. Social Science Information

Gateway
3. Organising Medical Networked

Information (OMNI)
4. Medical Matrix
5. Health Communications Network
6. Global Health
7. Health Index
8. Medweb Public Health
9. Medscape

1. Northern Lights
2. Altavista
3. Google
4. Adobe Search

Inhouse databases Directories Organizations contacted Journals hand searched
1. Inhouse catalog 1. ECRI. HealthCare Standards

2. UHC Technology Assessment
Monitor

3. DIRLINE

1. U.S. National Institutes of
Health

2. University of Ottawa Heart In-
stitute

3. Montreal Heart Institute
4. National Heart Lung and Blood

Institute
5. Health Heart Program St Paul’s

Hospital, University of British
Columbia

1. Canadian Journal of Cardiology
2. American Journal of Cardiology
3. Circulation
4. Bandolier
5. Evidence-Based Medicine
6. Cardiovascular Review Reports
7. JAMA
8. ACP Journal Club

6. World Health Organization
7. International Task Force on

Coronary Heart Disease
8. International Society of Athero-

sclerosis
9. Institute of Clinical Evaluation

Sciences
10. American Heart Association
11. National Cholesterol Education

Program
12. College of Pharmacy and Fac-

ulty of Medicine, Dalhousie Uni-
versity

13. American College of Cardiology
14. Ontario Ministry of Health
15. Conseil d’Evaluation des Tech-

nologies du Sante
16. Australian Institute of Health

and Welfare
17. University Hospital Consortium
18. Health Services Utilization Re-

search Commission
19. Trent Institute for Health Servic-

es Research
20. Canadian Coordinating Office

of Health Technology Assess-
ment

21. International Society for Phar-
macoeconomics and Outcomes
Research

22. Therapeutics Initiative, UBC
23. National Pharmacy Cardiovas-

cular Council

* Using Library of Congress or National Library of Medicine Medical Subject Headings (MeSH).
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Table 2
Extended search: acupuncture in addiction treatment

Commercial databases Web library catalogs* Internet peer-reviewed sites Internet search engines

1. Cochrane Library
2. HSTAT (technology assess-

ment guidelines)
3. HSRProj (NLM)
4. Dissertation Abstracts
5. Article 1st (OCLC)
6. Papers 1st (OCLC)—confer-

ences and paper abstracts
7. TRIP database (evidence-

based medicine)
8. EBSCO Academic Search
9. EBSCO Canadian MAS

10. Alcohol and Alcohol Problems
Science Database (ETOH)

11. ACUBASE (France)
12. CRISP
13. National Research Register

1. UBC Library Catalog
2. BC Ministry of Health Library

Catalog
3. CISTI catalog
4. Belinda Database
5. Health Promis
6. National Health Information

Center—Health Information
Resource Database

7. CHID Online
8. WorldCat
9. GAO Web Catalog

10. COPAC
11. NLM LOCATORplus

1. U.K. Academic Web Directory
2. U.K. Social Science Information

Gateway
3. OMNI
4. Medical Matrix
5. Health Communications Network
6. Global Health
7. Health Index
8. Medweb Public Health
9. Medscape

1. Northern Lights
2. Altavista
5. Google
6. Adobe Search

Inhouse databases Directories Organizations contacted Journals hand searched
1. Inhouse catalog 1. ECRI. HealthCare Standards

2. UHC Technology Assessment
Monitor

3. DIRLINE

1. U.S. National Institutes of
Health, Office of Alternative
Medicine (also known as the
National Center for Complemen-
tary Medicine)

2. Center for Complementary and
Alternative Medicine

3. Center for Addiction and Alter-
native Medicine Research

4. The University of Texas Center
for Alternative Medicine Re-
search

5. Tzu Chi Institute for Comple-
mentary and Alternative Medi-
cine (BC)

6. National Acupuncture Detoxifi-
cation Association

7. Richard and Hinda Rosenthal
Center for Complementary and
Alternative Medicine—Rosenthal
Center Directory of Databases

8. Research Council for Comple-
mentary Medicine

9. Centre for Addiction and Mental
Health

10. The National Institute on Alcohol
Abuse and Alcoholism

11. Centre for Addiction Studies
(United Kingdom)

1. Alternative Medicine Journal
(peer-reviewed)

2. Alternative Therapies in Health
and Medicine (peer-reviewed)

3. Journal of Substance Abuse
Treatment

4. JAMA
5. American Journal of Acupunc-

ture
6. Journal of Alternative and Com-

plementary Medicine
7. Lancet
8. BMJ

12. National Institute on Drug Abuse
13. Canadian Centre on Substance

Abuse
14. Foundation for Traditional Chi-

nese Medicine (United Kingdom)
15. Hooper Detox Centre
16. National Academy of Acupunc-

ture
17. BC Women’s Hospital
18. Vancouver Richmond Health

Board (Detox Committee)
19. The Acupuncture Association of

BC
20. Evergreen Treatment Services
21. Ministry for Children and Family

(BC)
22. Hennepin County Medical Cen-

ter
23. Merle West Center for Medical

Research
24. Lincoln Medical and Mental

Health Center
25. Yosan University of Traditional

Chinese Medicine

* Using Library of Congress or National Library of Medicine MeSH.
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Table 3
Overall results

Acupuncture Lipid lowering Overall

Extended methods
Major databases
Entire bibliography

85 (41.6%)
119 (58.3%)
204

217 (26.1%)
613 (73.9%)
830

302 (29.2%)
732 (70.8%)

1,034

Table 4
Extended search: effectiveness of various methods

Extended methods Acupuncture Lipid lowering Overall

Personal communication
Specialized database
Reference lists
Hand searching
Total

27 (31.8%)
17 (20.0%)
28 (32.9%)
13 (15.3%)
85 (100.0%)

45 (20.7%)
79 (36.4%)
48 (22.1%)
45 (20.7%)

217 (100.0%)

72 (23.8%)
96 (31.8%)
76 (25.2%)
58 (19.2%)

302 (100.0%)

Table 5
Extended search: type of documents uncovered

Types of documents Acupuncture (%) Lipid lowering (%)

Randomized controlled trials
Controlled trials
Other primary data
Systematic reviews
Narrative reviews
Reports
Other
Total

7 (8.2%)
7 (8.2%)

17 (20.0%)
9 (10.6%)

27 (31.8%)
9 (10.6%)
9 (10.6%)

85 (100.0%)

73 (33.6%)
10 (4.6%)
7 (3.2%)

10 (4.6%)
83 (38.2%)
6 (2.8%)

28 (12.9%)
217 (100.0%)

The reference lists of items that met the inclusion cri-
teria were scanned to locate additional items.

The Internet was used to facilitate the evaluation of
personal communication. Various search engines and
meta-indexes such as the Organising Medical Net-
worked Information (OMNI) were used to locate or-
ganizations and researchers, who were then contacted
by letter, telephone, or email. Directories identifying
topic-specific research organizations were also used to
identify relevant contacts. A list and bibliography of
trials already located were sent to identified research-
ers and organizations, who were invited to forward
additional relevant material and to advise of any un-
listed trials.

Items meeting specific criteria for each project (i.e.,
human studies, studies with at least one outcome mea-
sure, randomized controlled trials or controlled trials,
etc.) were retrieved, entered in a project-specific da-
tabase using DB/TextWorks, and were included in the
final analysis. Each item was coded to describe the
systematic search method by which it was found. A
second code describing the type of item uncovered
(RCT, systematic review of RCTs, etc.) was also as-
signed to each record in the database. Coding was con-
ducted independently by one librarian and by one re-
searcher. The coding results were compared, and dif-
ferences were resolved by discussion.

The proportion of RCTs identified by each system-
atic search method was calculated. The total number
of RCTs was the sum of the RCTs uncovered though
the major database search and the RCTs identified by
the extended systematic search methods. Chi-square
analyses of statistical significance were applied to test
differences in proportions. The Epi Info statistical
package was used [23]. The statistical significance level
was set at a , 0.05.

RESULTS

The extended systematic search methods uncovered an
additional 302 items for both systematic reviews be-
yond those identified by searches of the major data-
bases. This represented 29.2% of the total number of
retrieved items (Table 3). The extended systematic
search methods identified a significantly higher pro-
portion of the citations in the acupuncture than the
lipid-lowering project (41.6% versus 26.1% P , 0.05).

The search of specialized databases was the most

effective method of identification, providing a total of
96 citations (31.8%), followed by scanning of reference
lists with 76 citations (25.2%) and communicating per-
sonally with an additional 72 citations (23.8%) (Table
4). Hand searching was the least effective method,
though still yielding 19.2% of the citations. The search
of specialized databases was the most effective method
in the lipid-lowering project, whereas personal com-
munication produced a larger number of citations in
the acupuncture project (P , 0.05). Reference list scan-
ning and hand searching were equally effective in
both projects.

The main types of items identified by the extended
systematic search were narrative reviews (36.4%), fol-
lowed by RCTs (26.5%) and other (background) ma-
terial (12.3%) (Table 5). Within the projects, most ma-
terial took the form of narrative reviews and other pri-
mary data such as opinion pieces. Case studies were
the most frequent type of material uncovered in the
acupuncture project, whereas narrative reviews and
RCTs were most frequently identified for the lipid-
lowering project. In fact, a larger proportion of the ex-
tended systematic search citations referred to RCTs in
the lipid-lowering than the acupuncture project (33.6%
versus 8.2%; P , 0.05). However, a statistically signif-
icant larger proportion of the acupuncture literature
uncovered through the extended systematic search
was coded as other primary research (20.0% versus
3.2%; P , 0.05). There were no statistically significant
differences in the proportions of systematic reviews
and narrative reviews identified for each topic.
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DISCUSSION

This study shows that a significant amount of litera-
ture can be obtained for systematic reviews from the
use of extended systematic search methods beyond the
searching of major databases. The higher effectiveness
of the extended systematic search method for the acu-
puncture as compared with the lipid-lowering project
is perhaps not surprising. It may reflect the number
of journals publishing alternative medicine studies, the
number of studies evaluating alternative medicines, or
the difficulty of publishing alternative medicine stud-
ies in medical journals. These factors make alternative
medicine studies less likely to be indexed in databases
such as MEDLINE and Embase.

The results of this study were based on the number
of citations retrieved. Difficulties in acquiring the lit-
erature might have led to an underestimation of the
effectiveness of the extended systematic search meth-
ods. The citations produced from MEDLINE and Em-
base database searches were retrieved with relative
ease. However, some of the items identified through
the extended systematic search were costly to acquire.
In addition, these methods relied on the willingness
of organizations and researchers to respond to the call
for trials and other relevant information. Despite in-
tensive and sustained efforts, not all personal com-
munications produced responses.

This study did not examine overlap between ex-
tended methods. All extended methods were applied
concurrently and at random. Items were coded in the
database according to the method by which they were
first found. Even though there was no prescribed order
to the extended searches, the percentages of the ex-
tended methods used to uncover material for the sys-
tematic reviews might be affected.

Narrative reviews were the main type of documents
unearthed by extended systematic search methods.
This might result from the indexing methods used in
the specialized databases, which could make it diffi-
cult to distinguish between RCTs and reviews. In ad-
dition, some sources such as reference lists did not
provide abstracts, making it difficult to determine if a
citation or topic would offer primary data or reviews
of primary data and meet the inclusion criteria.

Material uncovered by the extended systematic
search methods was more likely to be ordered and re-
trieved based on title information. Once retrieved,
these items would be counted as part of this study,
possibly affecting results in favor of the systematic
search methods. It should be borne in mind, however,
that many MEDLINE and all Current Contents records
are indexed without abstracts and, therefore, likely to
be ordered by title information alone.

The relative effectiveness of the extended systematic
search methods also depended on the quality of the
major database searches. While the project-specific

search strategies applied to the major database search-
es in this study have not been formally evaluated, they
were developed by librarians with extensive knowl-
edge and understanding of the databases and Medical
Subject Headings (MeSH). The use of MeSH has been
shown to improve the effectiveness of MEDLINE
searches [24].

In point of overlap, 46% and 52% of articles found
by the extended systematic search methods for the
acupuncture and lipid-lowering projects, respectively,
were subsequently identified in MEDLINE, Embase, or
HealthStar one year after the study was completed.
Various factors explain these results. The National Li-
brary of Medicine (NLM) makes a concerted effort to
get the major clinical journals indexed in MEDLINE
as soon as possible. Foreign journal content, journals
only in print form, and journal distribution patterns
may all increase the lag time for indexing [25]. There-
fore, journals containing appropriate and relevant ma-
terial may not have been indexed at the time of the
search. While a search of Current Contents corrects for
part of this problem, a lag time effect still persists. In
addition, items identified through conference abstracts
or proceedings and not published or indexed at the
time of the initial search of major databases may have
been published in the year following the completion
of this study.

The search of subject-specific and specialized data-
bases (including trial registries) was the most effective
search method. This might be attributable to the search
of the Cochrane Library, which contained a well-estab-
lished trial registry. The Cochrane Library was a key
source of items for the lipid-lowering project.

Hand searching was the least effective method. This
might reflect recent improvements in indexing. Since
the early 1990s, international collaborative efforts have
hand searched journals and identified more than
200,000 randomized or controlled trials not indexed as
such in MEDLINE [26]. These references are submitted
to NLM for proper indexing. However, records are
submitted to NLM annually and, consequently, there
may be an appreciable delay before RCTs are properly
identified in MEDLINE. The Embase database is also
currently seeking to improve the quality of indexing
of RCTs. The effectiveness of hand searching may fur-
ther diminish as indexing quality and the number of
journals indexed improves.

It should be noted that the effectiveness of trial reg-
istries partially rests on hand searching efforts. The
Cochrane Library Controlled Trials Register, for ex-
ample, partly relies on hand searching of MEDLINE
and non-MEDLINE journals. Hand searching may
therefore be best used for the development trial reg-
istries rather than for individual systematic review
projects.

Personal communication identified a greater number
of RCTs for the acupuncture than for the lipid-lower-
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ing project. This might reflect the difficulty of publish-
ing alternative medicine studies in mainstream medi-
cal journals. It should also be noted that while person-
al communication did not rank as the most effective
method of finding additional studies, it identified
unique items not found in the major databases.

Only a small number of items were found through
the Internet. These took the form of narrative reviews,
conference proceedings, and abstracts. This might re-
flect the practice of licensing agreements and copy-
right issues that often limit what researchers can make
available through the Internet. New initiatives such as
PubMed Central might reduce these barriers [27].

CONCLUSIONS

This study shows that the extended systematic search
methods are effective tools for uncovering material for
systematic reviews. This analysis suggests that, when
available, trial registries and review groups may be the
most effective systematic search methods. Where trial
registries and review groups do not exist, communi-
cating personally with researchers working in the field
of interest and scanning of reference lists are the best
alternatives.

It should be noted that the quality of the items un-
covered has not been evaluated. Whether the quality
of the items uncovered through the systematic search
is such that they affect the conclusions of systematic
reviews is unknown. This has yet to be assessed and
will ultimately determine the value of the extended
systematic search methods.
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